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THE ESSENTIAL OILS OF THE QUEENSLAND FLORA 
PART XXIII. 
A Re-examination of the Essential Oil of Melalefca linariijolia 
BY 
J. B .. DAVENPORT, T. G. H. J ONES, AND MAURICE D. SUTHERLAND 
The examination of an oil of a variety of M. linariifolia Sm. characterized
by the presence of 4% of 1 : 8-cineole has established the presence of the following 
constituents :-a-thujene, a-pinene, ,8-pinene, myrcene (?), 1 : 8-cineole, a-terpinene, 
p-cymene, y-terpinene, terpinolene, terpinen-4-ol, a-terpineol, aromadendrene, 
cadinene, a new sesquiterpene alcohol C15H260, for which the name melalinol is 
proposed, and a small quantity of phenolic material. 
Previous examinations of oils of this species have shown that there are two 
distinct types differing characteristically in cineole content, viz., one examined by 
Jones (1) containing 61% of cineole obtained from Nerang, near Brisbane, and 
the other, examined first by Baker and Smith (2) and later by Penfold (3) con­
taining 16% of cineole. The authors have completed the examination of another 
distinct type of oil characterized by only 4% of cineole. 
At Nudgee, where the leaves were collected, there are apparently two 
physiological varieties of M. linariifolia. The material used in this examination 
was collected from trees in the leaves of which no trace of the odour of cineole 
could be detected. In addition, a small sample of a cineole rich variety was also 
collected and examination by Cockings method showed 44% of cineole to be present. 
Penfold identified the following constituents in his sample of the oil :­
a-pinene (?), a-terpinene, y-terpinene, sabinene (?), p-cymene, 1 : 8-cineole, 
terpinen-4-ol, cadinene, and a cadinol. Jones for the cineole rich oil, found the 
following constituents :-a-pinene, dipentene, a-terpineol, 1 : 8-cineole, sesquiterpenes 
and sesquiterpene alcohols. The present examination has shown that all the 
substances mentioned above except sabinene, dipentene and cadinol are present 
in the oil from this one variety. It is possible that the previously examined samples 
of the oil may have contained all these constituents though some, perhaps, in low 
concentration, and that the various types of M. linariifolia are physiological varieties 
differing not in the nature of the constituents of their oils, but in their proportions. 
Hall, in his review on the biogenesis of the terpenes (4) stated "of the seven 
oils in which the occurrence of sabinene is doubtful, M. linariifolia contains
terpinen-4-ol, and a-and y-terpinene, it seems highly probable that this oil may 
contain sabinene." In making this statement, Hall considered that the oil belonged 
to the group derived from his Glycol II. However, the absence of sabinene and 
1 : 4-cineole from the oil examined by the present authors, makes this consideration 
unlikely. The presence of a-thujene and a-and ,8-pinene suggests that the groups 
derived from both Glycol III. and Glycol IV. are involved. Hall has based his 
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analysis on examinations of essential oils which, in most cases, probably have 
detected only the major constituents of the oil. The minor constituents, however, 
may be very significant in such a survey, which should be based, therefore, on 
detailed analyses of the terpene fractions at least. 
The results of the final redistillations of the terpene fractions are listed in 
Table I. and are plotted on a refractive index/density diagram (5) in Fig. I. 
Fraction 1 lies a little to the left of the line joining a-thujene and acpinene and 
indicates a trace of a substance of low refractive index boiling below a-thujene. 
Fractions 2-4 are mixtures of a-thujene and a-pinene. 
The peak at fraction 7 indicates the presence of a small amount of ,8-pinene. 
As these substances were present in the essential oil in very low concentration, 
only small quantities were available and being comparable to the hold up of the 
fractionating column, incomplete separation resulted. 
A method for identifying a-thujene when mixed with an excess of a-pinene 
was developed which depended on the fact that heating a mixture of thujaketonic 
and pinonic acids to 210-260° C. brings about the decomposition of the former to 
thujaketone (6) which distills out of the reaction mixture and can then be identified 
as its semicarbazone. 
The low density of fractions 9 and 10 is apparently due to an acyclic terpene. 
If the line joining fractions 8 and 9 is produced to meet the line joining fractions 
10 and ll they cross at values (density .788 and refractive index 1.468), close to 
the point for myrcene. It would seem, therefore, very likely that this dip is due 
to myrcene although no chemical evidence was obtained for its presence. 
The fractions following the dip to myrcene, show an increasing density owing 
to the presence of 1 : 8-cineole. Most of the cineole was extracted from these 
fractions with resorcinol solution prior to further distillation. The cineole was 
recovered from all these extractions and investigated to see if any 1 : 4-cineole was 
also present. However, no evidence was obtained for its presence. Fractions 13-15 
are mixtures mainly of a-terpinene and cineole, the former being identified as its 
nitrosite. This is a difficult mixture to separate by distillation as the boiling points 
lie close together and small changes in reflux ratio will bring about relatively large 
changes in the composition of the distillate and this possibly explains the erratic 
nature of the curve linking the points in the diagram. However, at least small 
quantities of a third substance must be present as these fractions show a slight 
positive rotation. 
Fractions 19-23 show the effect of a small amount of p-cymene. The p-cymene 
was obtained pure by allowing some of these fractions to react with thiogycollic 
acid using benzoyl peroxide as a catalyst (7). The acidic addition products with 
the terpenes were then extracted with alkali leaving the unreacted p-cymene which 
had constants closely agreeing with those of pure p-cymene. It is doubtful, however, 
whether p-cymene is actually produced by the plant itself, as Richter and Wolff 
have shown that it readily forms by the auto-oxidation of y-terpinene (8). Recently, 
Waters has shown that the permanganate ion can act as a catalyst in free-radical 
auto-oxidation reactions of hydrocarbons (9) and small amounts of p-cymene could 
possibly be formed in this way from the y-terpinene during oxidations with potassium 
permanganate. This is of interest with regard to the usual method of identifying 
p-cymene. 
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Fractions 25-32 represent a mixture of y-terpinene and one or possibly two 
other constituents of close boiling point. Bromination in the usual way yielded 
only oily products, but in one attempt a few mgms. of crystalline material were 
obtained which were recrystallized from ethyl acetate to constant m.p. 132° and 
depressed the m.p. of a sample of y-terpinene tetrabromide from 125-126° to 
121-122°. Not sufficient was available for analysis. The slight rotation of some 
of these fractions indicates the presence of at least traces of an optically active 
substance. Limomene does not appear to be a constituent of the mixture as 
oxidation of one of the fractions with dilute permanganate at 0° C. gave y-terpinene 
erythritol, but limonene erythritol was not obtained. Furthermore, some of the 
fractions lie to the left of the line joining y-terpinene and limonene. Again, the 
erratic nature of the constants for these fractions may be due to variations in the 
reflux ratio during distillation. The components of this mixture will be the subject 
of further investigation. 
The highest boiling of the terpene fractions move directly to the point for 
terpinolene which was identified by both its dibromide and its tetrabromide. 
Though the terpene alcohols are not shown on the n/d diagram, the curve 
moves directly to the point for terpinen-4-ol which is the principal constituent 
of the oil. Following the elimination of the terpinen-4-ol there was a sharp rise 
in boiling point and another much smaller fraction was obtained and was identified 
as a-terpineol. 
The remainder of the oil consisted of sesquiterpenes, sesquiterpene alcohols 
and a small quantity of phenolic material. The latter was extracted with sodium 
hydroxide solution and shown to be a complex mixture by a chromatographic 
technique (10). The phenolic material was converted to p-phenylazo-benzoic 
esters which were chromatographed on an alumina column. The presence 
of five phenols was thus indicated, but owing to the small quantities of each present, 
no further identification was attempted. The various substances separated sharply 
and the method seems promising for the purification and identification of the 
phenolic constituents of oils if there is a reasonable quantity present. The chief 
drawback is the reluctance of the pure esters to crystallize, but this may be remedied 
by modification of the coloured reagent. 
The sesquiterpenes were distilled first through a Lecky-Ewell type cohimn (ll) 
of approximately 20 theoretical plates giving curve A of Figure II. These fractions 
were combined and again distilled, this time through a Bower-Cooke type column 
of 55 theoretical plates, giving the data of Table II. and curve B on Figure II. 
The comparison of these two curves demonstrates the greatly increased amount of 
information gained by the use of efficient fractionating columns. Also curve B 
illustrates the complexity of the sesquiterpene mixture indicating, as it does, the 
presence of at least seven substances. Experience in this laboratory indicates that 
the sesquiterpene mixtures in essential oils may well be as complex as with the 
terpenes. The lack of reliable data in this field, however, makes difficult the 
identification of these substances. Much work remains to be done in applying 
efficient fractional distillation to such mixtures in order to isolate pure 
sesquiterpenes. A number of representative points for known sesquiterpenes 
are included in the diagram, though the values for their constants may not 
be reliable. From fraction B7, aromadendrone was obtained by ozonolysis 
and fraction B15 yielded cadinene hydrochloride. The latter is interesting 
in view of the fact that fraction B13, the constants of which lie close to selected 
.90 
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Fig. II. n/d diagram of the sesquiterpene fractions. 
literature values for cadinene {12, 13), gave no cadinene hydrochloride on treatment 
with dry hydrogen chloride. 
The phthalate method failed to demonstrate the presence of any primary 
sesquiterpene alcohols and the remaining material yielded a phenylurethane of 
m. p. 140-141 o, on treatment with phenyl isocyanate. By regeneration from the 
urethane a beautifully crystalline, saturated alcohol C15H260 was obtained of m.p. 
87-88°. As it does not correspond to any other sesquiterpene alcohol in the literature 
the name melalinol is proposed for this substance. For purposes of comparison 
the phenylurethane of viridifiorol, a crystalline sesquiterpene alcohol m.p. 71 o 
isolated from the oil of Melaleuca viridifiora was prepared and was found to melt 
at 123-125°. 
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TABLE I. 
B.P.fp. Vol. (ml.) 
85.r,_88.o 1100 4.5 
88.0/100 4.5 
88.0/100 3.0 
88.0/100 3.0 
88.0/100 3.0 
88.0- 91.01100 1.5 
91.0- 95.2/100 1.5 
95.2- 98.0/100 1.fi 
98.0-101/100 2.0 
101 -103/100 2.0 
103 -105/100 2.0 
105/100 1.0 
54-55/10 6.0. 
55/10 5.0 
" 
6.0 
" 
5.0 
" 
6.0 
6.0 
54-56/10 5.0 
56-58/10 5.0 
58-59/10 3.0 
108-110/100 4.0 
110 -112.5/100 4.0 
112.5-114/100 4.0 
114/100 4.0 
" 
4.0 
" 
4.0 
" 
4.0 
" 
4.0 
" 
4.0 
" 
4.0 
" 
3.0 
" 
1.0 
58.5/10 8.5 
58.5/10 7.0 
96-98/50 4.0 
98-100/50 4.0 
100/50 3.2 
25d 4 
25 nD [a]o 
----
.8440 1.45tl4 
.8450 1.4592 
.8475 1.4599 
.8492 1.4611 
.8502 1.4630 
.8532 1.4681 
.8555. 1.4725 
.8488 1.4739 
.8160 1.4707 
.8179 1.4691 
.8367 1.4700 
.8518 1.4712 
.8389 1.4736 + 2.1 
.8389 1.4720 2.3 
.8387 1.4726 2.4 
.8395 1.4763 2.1 
.8413 1.4747 2.3 
.8410 1.4752 2.0 
.8346 1.4768 
.8430 1.4797 
.8485 1.4828 
.8502 1.4845 
.8462 1.4 793 + 0.6 
.8434 1.4740 
.8425 1.4723 ± 0.0 
.8425 1.4719 
.8434 1.4718 ± 0.0 
.8426 1.4703 
.8440 1.4710 - 0.2 
.8434 1.4 716 
.8435 1.4716 + 0.2 
.8426 1.4 710 
.8484 1.4768 
.8450 1.4726 + 0.1 
.8450 1.4726 
.8493 1.4781 
.8541 1.4848 
.8554 1.4870 
No. 
B 1 
B 2 
B 3 
B 4
B 5 
B 6 
B 7 
B 8 
B 9 
B10 
B11 
Bl2 
B13 
B14 
B15 
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TABLE II. 
B.P.fp. Vol. {ml.) 
93-113.5/10 5.0 
113.5-115.5/10 2.5 
115.5-118/10 3.5 
118/10 3.0 
ll8-l20f10 4.0 
120-121/10 4.0 
121/10 4.0 
121.5/10 4.0 
121.5-125.5/10 4.0 
124.5-121i.5/10 4.0 
125.5-127/10 4.0 
127.0/10 4.0 
127.0/10 4.0 
127.0/10 4.0 
127.0/10 4.0 
d25 25 [a]o 4 nD 
.9169 1.4901 - 13.0 
.9166 1.4997 -
.9112 1.4996 - 17.5 
.9070 1.4997 + 4.3 
.9037 1.4985 + 6.5 
.9075 1.4997 + 13.0 
.9086 1.5005 + 12.0 
.9086 1.5015 + 9.0 
.9095 1.5019 + 2.0 
.9123 1.5066 - 11.0 
.9148 1.5086 ± 0.0 
.9170 1.5083 + 18.0 
.9189 1.5075 + 23.0 
.9172 1.5101 + 29.0 
.9165 1.5146 + 9.0 
Consideration of. all the data available suggests the following approximate 
percentages by volume of the constituents of the oil. 
l. Total terpenes 45% consisting of :-
a and y-terpinenes and associated unidentified material 40%. 
terpinolene, 4%. 
a-pinene, 1-2%. 
a-thujene, {j-pinene, myrcene, p-cymene < 1.0% each. 
2. Cineole, 4%.
3. Terpinen-4-ol, 37%.
4. a-Terpineol, 4%.
5. Sesquiterpenes, 6%.
6. Sesquiterpene alcohols, 2.5'%.
7. Phenols, 0.1-0.2%.
EXPERIME�TAL 
306 lbs. of leaves and terminal branchlets were collected from trees growing 
on swampy ground at Nudgee, near Brisbane, in January. The oil was obtained 
by steam distillation giving a yield of 1.63% W /W. The physical constants were 
determined in the usual way : d2: · 0.8875; n� ' 1.4785; [a] 2g + 9.2; Ester value
after acetylation, 24.0. The ester and acid values showed only traces of free acids 
or esters. A 1% emulsion of the oil in 1% bile salts solution gave a Rideal�Walker 
coefficient of 2 when tested against Salmonella typhi (" S" strain ex C . S.L.). 
For the cineole rich variety growing in the same area the following figures 
were obtained :-Yield, 1.9%; d21 · 0.9052; n� ' 1.4708; [a]2g · + 5.0; Ester
value after acetylation, 26.2 
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A series of fractionations and refractionations were carried out using two 
columns, a Lecky-Ewell type 57 ems. high (ll) and a Bower-Cooke type (14) with
packing 1 metre in length. The constants of most of the final fractions thus obtained 
are recorded in Tables I. and II. and as many of these as is compatible with clarity 
are plotted in Figures I. and II. 
a-Thujene. 
Fractions 1 and 2 were combined and oxidised according to Birch (15). The 
thujaketonic-pinonic acid mixture was heated in a distilling tube under a slow 
stream of carbon dioxide. The decomposition of the thujaketonic acid to thujake­
tone (6) commenced at 210° C., and was complete by 260° C. The semicarbazone 
of the thujaketone was prepared, m.p. 139-140°. Mixed m.p. with thujaketone 
semicarbazone from a-thujene ex Eucalyptus dives (m.p. 140·141 °) 140-141 o (15). 
From the physical constants of two fractions, viz., 
d� .8442 .8523 
25 n D 1.4575 1.4617 
19 [aJ D + 1l .5 + 29.0 
approximate rotations were calculated, assuming that the two fractions contained 
only a-thujene and a-pinene :-+ 33° for a-pinene and -23° for a-thujene. 
a-Pinene. 
Identified in the usual way as pinonic acid m.p. 100-10:l0 C. 
{1-Pinene. 
A 2 ml. fraction of d21 0.8576 and n� 1.4728 obtained by redistillation of
,8-pinene rich fractions was oxidised with potassium permanganate in the usual 
way to give a small quantity of an insoluble sodium salt. This was acidified and 
extracted with ether. On evaporation of the ether a small quantity of oil remained 
which crystallized on standing. Adhering oil was removed on a porous plate and 
the solid recrystallized from water to give needles m.p. 120° C. A further 
recrystallization brought the m.p. to 123-124°. Unfortunately at this stage the 
sample was lost. 
Myrcene (?) 
A 2 ml. fraction apparently rich in myrcene was treated with maleic anhydride. 
Some of the a-terpinene adduct was separated by virtue of the insolubility of its 
sodium salt, but no myrcene adduct could be separated from the residual oily 
mixture of acids. 
1 : 8-Cineole. 
Fractions obtained by distilling 1 litre of the oil and suspected of containing 
cineole were extracted with 50% resorcinol solution and approximately 40 ccs. of 
cineole recovered by steam distillation. This was purified through the resorcinol 
25 25 compound and gave constants d 4 0.9202 and n D 1.4548. Attempts were made
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to establish the presence of l : 4-cineole in the material which extracted with the
resorcinol solution, but did not give a crystalline adduct, but it appeared to be 
absent. 
a-Terpinene. 
Fractions 15-18 which apparently still contained some cineole as indicated 
by high density were extracted with resorcinol and the residual oil divided into 
three portions. From one was obtained a-terpinene nitrosite (16) of m.p. 155°. 
Attempts to obtain a nitrosochloride and a tetrabromide on the other two portions 
respectively were unsuccessful. 
p-Cymene. 
Fraction 21 (3 ml.) was mixed with 5 ml. of thioglycollic acid and a trace of 
benzoyl peroxide (7). The reaction mixture formed two layers but on shaking
became homogeneous. After standing overnight the mixture was extracted with 
sodium hydroxide solution and the unreacted oil washed, dried and distilled. About 
0.5 ml. of oil was obtained of constants d2: 0.8539 and n¥; 1.4871 (5). The alkaline
extraction has since been found to be unnecessary and pure p-cymene may be 
obtained by· steam distillation of the basified reaction mixture. 
y-Terpinene. 
From 2 mls. of fraction 34 was obtained a nitrosochloride m.p. Ill o (8). A
further quantity was obtained from 7 mls. of fraction 35 and converted to the 
nitrolpiperidide, m.p. 148-149° (8). 
T erpinolene. 
Fraction 38 (2.7 g.) was treated with bromine in ice cold ether and 2.6 gms. 
of the dibromide m.p. 67-70° isolated. Some of the dibromidc (0.36 g.) was further 
brominated to the tetrabromide (17) m.p. 116-117°, yield 0.28 g. 
Terpene Alcohols. 
Of the material boiling above the terpenes, some 370 ml. per litre 
boiled at 72°/5 mms. This was collected in small fractions the constants of 
which lay between the limits d�5 0.9280-0.9286, n� 1.4759-1.4761 and
[a]D + 16.0 to + 18.0 and had the characteristic smell of terpinen-4-ol. From 
one of these fractions was isolated the "chloronitrosite " m.p. 105-106° characteristic 
of this alcohol (18). The naphthylurethane was also prepared and was recrystallized 
to constant m.p. l09-ll0°. Penfold (:3) reported m.p. 104-105° and Briggs and 
Sutherland (19) m.p. 107-108° for this derivative. 
The higher boiling a-terpineol was readily separated being present to the extent 
of about 50 ml. per litre. It had a boiling point of 80°/5 mrn. and constants 
25 25 0 d 4 0.9307; nD 1.4795; [a]D · + 37.6 . It was identified by conversion to the
phenylnrethane of m.p. 108-109°, not depressed by mixture with an an then tic sample. 
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S esquiterpenes. 
The final fractionation of the sesquiterpenes gave the fractions listed in Table II. 
and plotted in Fig. II. A portion of fraction B7 (1.8 g.) was treated with ozone 
in glacial acetic acid yielding 0.66 gram (37%) of aromadendtone of m.p. 83-84° 
not depressed by mixture with an authentic sample. 
One ml. of each of fractions B2, B5, B11, B13 and B15 was separately dissolved 
in dry ether and dry hydrogen chloride passed through the solution. On standing 
overnight in the refrigerator a mass of crystals formed in fraction B15 only but 
not in the others even on long standing. These crystals were filtered off and 
recrystallized to m.p. 117-118.5°. This was not depressed by mixture with a sample 
of authentic cadinene hydrochloride. 
Sesquiterpene Alcohols. 
Three fractions were obtaine · with the 
d254 
1 .9652 
2 .9680 
2 .9712 
following constants : -
25nD Vol. (ml.) 
1.5006 6 . 0 
1.5005 6.0 
1.5035 4.0 
One ml. of fraction 2 was treated with dry hydrogen chloride in dry ether but 
yielded no crystalline material. The three fractions were combined and the isolation 
of primary alcohols attempted by the use of phthalic anhydride. However, none 
were obtained. The recovered unreacted alcohols were mixed with an equal 
volume of phenyl isocyanate and allowed to stand for a few days. A little water 
was added and after further standing the mixture was extracted with hot petrol 
ether. On evaporation of the petrol ether an oil remained which was taken up 
in methyl alcohol and placed in the refrigerator. It set to a mass of fine needle 
crystals. They were recrystallized from aqueous methyl alcohol to m.p. 140-141°, 
[a]n-70.5° (C = 4.2 in acetone). Found C, 77.5; H, 8.89. C22H31N02 requires 
C, 77.45; H, 9.09. 
It gave no depression in m.p. on a 'mixture with the sesquiterpene alcohol 
phenylurethane m.p. 141.5--142.5° [a]n-73.3° isolated from the essential oil of 
Calythrix tetragona (20). 
The alcohol was regenerated as follows :-1.35 grams of the phenyl urethane 
(from both sources) was refluxed with 3 ml. of ethyl alcohol and 1 gram of potassium 
hydroxide for 20 hours. The reaction mixture was extracted with ether and the 
ether extract repeatedly washed with citric acid solution to remove aniline. The 
ether was then evaporated off and the residue steam distilled. The oil which 
distilled crystallized on cooling, yield 0.75 gram. 
It was purified by recrystallization from pentane and finally by sublimation 
giving well formed needles, m.p. 87-88°, [a]n-39.6° (C = 3.0 in acetone). Found 
C, 80.8; H, 11.91. C15H260 requires C, 81.0; H, 11.71. A solution of the alcohol 
in· petrol ether gave no coloration with tetranitromethane and failed to decolorize 
or react with bromine in acetic acid solution. It is concluded therefore that the 
alcohol is saturated and tricyclic. Treatment of 0.16 gram of the alcohol with 
3 : 5-dinitrobenzoyl chloride and pyridine yielded a few milligrams of the dinitro-
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benzoate which was recrystallized from methyl alcohol to constant mp .. 133-134". 
Not sufficient was available for analysis. Only a few milligrams of the alcohol were 
recovered from the reaction mixture, the remainder apparently being dehydrated. 
Phenols. 
Before their redistillation the combined sesquiterpene and sesquiterpene alcohol 
fractions were extracted with 10% sodium hydroxide solution and from this solution 
on acidification 1. 7 grams of a brown oil giving a red colour with ferric chloride 
were obtained. 
This was treated with the acid chloride of p-phenylazo-benzoic acid and 
pyridine, heated in a water bath and then allowed to stand for a week. The reaction 
mixture was shaken with sodium hydroxide solution and ethyl acetate. The ethyl 
acetate layer was separated, washed with acid and water and dried. On evaporation 
of the ethyl acetate a dark red partly crystalline mass remained. This was dissolved 
in benzene and chromatographed on an alumina column 23 mm. by 33 em. using 
mixtures of ethyl acetate and benzene to develop the chromatogram. The material 
separated into six clear distinct bonds. These were driven through the column 
and collected separately. On evaporation of the solvent, red oils remained which 
crystallized in only one case giving a few mgms. of material which was recrystallized 
from methyl alcohol, m.p. 200°. This corresponds to the m.p. of the anhydride 
of p-phenylazo-benzoic acid. No further work was done owing to the small quantity 
of material in each fraction. 
The Preparation of Viridijlorol Phenylurethane. 
Two grams of viridiflorol, 3 ml. of phenyl isocyanate and 0.5 ml. of pyridine (21) 
were mixed and left to stand for two days. Water was then added and the mixture 
allowed to stand for a further day. The mixture was extracted with petrol ether 
and the solution concentrated. A mass of needle crystals came down overnight 
and were filtered and washed. Yield 1.6 gm. Recrystallization from aqueous 
methyl alcohol gave long needles, m.p. 123-125°. [a]0-2.5° (C = 6.3 in acetone). 
Found C, 77.9; H, 9.35. C22H31N02 requires C, 77.45; H, 9.09. 
Our thanks are due to Mr. Francis, Assistant Government Botanist, for the 
botanical determinations, and to Dr. E. H. Derrick, formerly Government 
Pathologist, in whose laboratory the Rideal-Walker Test was carried out. 
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